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5 sequencing (Liu et al., 2008) . The 3 rd aim of the present study was therefore to assess the adherent microbial community by DGGE in ex vivo studies where the distal beluga intestines were exposed to sterile saline solution and different treatments of bacteria. In the present study, live bacteria was used as there are indications that exposure of the intestinal epithelium to live pathogenic bacteria create epithelial damage and shedding of enterocytes (Ringø et al., 2004) and that bacterial translocation rates are significantly higher when using live pathogens compared to heat-inactivated bacteria (Jutfelt et al., 2008) . Furthermore, live bacteria were used in order to evaluate whether they were able to colonise the DI. was measured and counts were conducted from serial dilutions of the bacterial suspensions onto marine agar plates (4.1 x 10 6 CFU per ml). In addition a lactobacilli strain originally isolated from traditional Sabalan Iranian cheese from sheep raw milk was used. The strain was kept for 3 months in salt water before use in the present study.
The lactobacilli strain was identified by 16S rRNA gene sequencing and showed 98% similarities to Lactobacillus plantarum (GenBank accession no GQ423760) (Tajabady, unpublished data). L. plantarum was cultured in MRS broth (Fluca, catalogue no. 69966) and incubated under anaerobic conditions at 37 o C for 24h before ex vivo exposure. The OD 600 was measured and counts were conducted from serial dilutions of the bacterial suspensions on to marine agar plates (8.6 ×10 6 CFU per ml). Salma et al. (AQUA-D-01581.R1) 8 1 ml 0.9 % sterile saline solution or bacterial suspensions as described in Table 1 .
Thereafter the proximal end was immediately tied and placed into sterile falcon tubes containing sterile saline solution. The gut samples were incubated at 10°C in a cooling bath. For detailed information of the experimental treatments see Table 1 . After incubation the intestine was cut free at the both ends and rinsed 3 times with sterile saline solution and a 0.5 cm segment from the distal part of the intestine was excised for histological evaluation. The remaining part of the intestine was immediately fixed in 96 % ethanol for denaturing gradient gel electrophoresis (DGGE) analysis. McDowell's fixative (McDowell and Trump, 1976) and prepared for analyses by light microscopy (LM), transmission electron microscopy (TEM), and scanning electron microscopy (SEM).
Gut samples for LM were washed 2 times in Sørensen's buffer and then postfixed in OsO 4 . After serial dehydration steps in alcohol (30% -100%), samples were placed in 1, 2-propylenoxide prior to being embedded in agar 100 Resin. One μm thick sections were stained with 2% toluidine blue and examined under light microscope (Leica DMLB)
Images were acquired by means of a Leica DC 300 digital camera.
Preparation of gut samples for TEM and SEM was performed as described elsewhere (Ringø et al., 2001) . Samples were examined under transmission microscope (JEM-1230).
Samples for SEM were washed 2 times in Sørensen's buffer and then postfixed in OsO 4
(1% in Sørensen's buffer, 2 h). After serial dehydration steps in alcohol (30% to 100%), samples were critical-point dried (BALZERS CPD 020), after that mounted on aluminum stubs, sputter-coated with gold by using a high-resolution fine coater (SC7640   165   166 ,Quorum technologies Ltd,UK), and examined under a JSM-6300 scanning microscope. images), 2 = moderate (4-6 out of 10 images), and 3 = high (7 or more out of 10 images) frequency of occurrence.
In vitro growth inhibition of Staph. aureus by Leu. mesenteroides
In vitro growth inhibition was tested using microtitre plate assay as described elsewhere (Ringø et al., 2005; Ringø, 2008) . Growth of Leu. mesenteroides and Staph. aureus were examined by direct (total viable counts) and indirect measurements (optical density; OD 600 ). Both bacterial strains were grown on tryptic soy broth media supplemented with 1% glucose (TSBg).
Leu. mesenteroides and Staph. aureus were pre-cultured in 4.5 ml sterile Eppendorf tubes containing TSBg medium and the bacteria were harvested in the stationary growth phase.
A C C E P T E D M A N U S C R I P T Post incubation the samples were centrifuged at 10,000rpm for 18min. The supernatant was poured into a clean tube and an equal volume of isopropanol was added and gently mixed by inversion prior to incubation at -20 o C for 30min. After incubation the samples were centrifuged at 12,000 rpm for 15 min and the supernatant discarded. The liquid was
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aspirated off the pellet. The pellet was resuspended in 50μL TE. Genomic DNA was thereafter purified using a agarose gel DNA purification kit (TaKaRa, Dalian, China). 
2.7.Denaturing Gradient Gel Electrophoresis (DGGE) analysis
DGGE was performed as described elsewhere (Liu et al., 2008; Zhou et al., 2009 a) .
Electrophoresis was conducted with a constant voltage of 80V at 61 o C for about 14h.
Gels were stained with ethidium bromide for 20 min, and photographed with UV transillumination.
Computer-assisted comparison of DGGE patterns was performed with BIO-ID++ gel analysis software (Vilber-Lourmat, Torcy, France). Relative abundance (RA, %) was represented by percentage of a specific band intensity to the total band intensity. Cluster analysis was based on the unweighted pair group method using the airthmetic mean algorithm (UPGMA). In this study, similarity coefficients (Cs)<0.60 is regarded as Table 2 (light microscopy; LM) and Table 3 (transmission electron microscopy; TEM). Evaluation of the epithelial cells exposed to only sterile saline solution (treatment 1) by LM (Table 2 ) and TEM (Table 3) showed intact epithelium with lamina propria, undamaged enterocytes, well organized microvilli (MV), lots of nuclei and normal looking mucosa with an intact epithelium. Similar results were obtained from LM and TEM when the distal intestines (DIs) were exposed to Leuconostoc mesenteroides (treatment 3) ( Table 2 and Table 4 . Cluster analysis of the band patterns are displayed in Figure 5 , and the pairwise similarity coefficients (C s ) matrixes of the adherent bacterial community are showed in 
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8.00 and 9.00 species were identified in treatment 2, 3, 4, 5 and 6, respectively (Table 4) .
Compared to the control, the relative abundance of 5 species were significantly lower (P<0.05) in treatment 2, while 6 species were elevated (P<0.05) in treatment 2. As well as treatment 3 was concerned, 8 species were lower (P<0.05) compared to the control, however, 6 species were elevated (P<0.05). For treatment 4, 9 species were lower (P<0.05) compared to the control, however, 3 species were elevated (P<0.05). In treatment 5, 8 species were lower (P<0.05) compared to the control, however, 1 species were elevated (P<0.05). Compared to the control, 8 species seem to be lower; however, 9 species seem to be elevated in treatment 6. In the present study we were not able to identify bands showing similarity to Leu. mesenteroides in the treatments (3, 5 and 6) exposed to Leu. mesenteroides. On the other hand, the uncultured Staphylococcus sp. -like bacterium (band B21) identified in treatment 5 and 6 showed 99 % similarity to Stap. aureus GenBank accession no.
CP000730 used in the present study. Furthermore, four bands (B6, B7, B8 and B11) in treatment 4 showed high (99 %) similarity to L. plantarum used in the present study.
Based on the cluster analysis, the microbial patterns of the experimental treatments showed clear differences to that of the control, in which treatment 5 (C s =0.36) showed (Ringø et al., 2004) . When the DI was first exposed to Leu. mesenteroides and subsequently exposed to Staph. aureus the intestinal morphology was more or less similar to the finding of the control group or the treatment group only exposed to L. mesenteroides. Some degrees of epithelial changes were observed but no clear cell detected in the present study showed 100 % similarity to a E. coli previously described by 360
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Jeong et al. (2009). 361
Fresh water fish like tilapia (Oreochromis mossambicus) and striped bass (Morone 362 saxatilis) are suggested to be the primary reservoir of Plesiomonas shigelloides 363 (Nedoluha and Westhoff, 1995, Moreno et al., 2006) . In the present study, we detect P. 364
shigelloides from two treatment groups that showed high similarity to a P. In the present study, three bands showed high similarity to Aeromonas allosaccharophila 373 previously reported in a study investigating microbial diversity of intestinal contents and 374 mucus in yellow catfish (Pelteobagrus fulvidraco) (Wu et al., 2010) . Two bands 375 identified in DI of treatment group 5 showed 100 % similarity to Aeromonas sp. 376 previously isolated by Barberio et al. (2001) . Li, A. and Yang, W (unpublished results, 377 NCBI) described Aeromonas media isolated from water and intestine of silver carp 378 (Hypophthalmichthys molitrix). In the present study, 4 bands showed high similarity to A. Previous results from DGGE analysis of the microbial community in fish gut has revealed that uncultured bacteria constitute of a major part (He et al., 2009; Zhou et al., 2009a; 2009b; Merrifield et al., 2010b) . In our study, 3 bands showed high similarity to two uncultured bacterium clones.
As Leu. mesenteroides originally isolated from Persian sturgeon (Acipenser persicus) was 388 not identified by DGGE in the present study this may indicate that the bacteria was not 389 able to adhere the distal intestinal mucosa of beluga, or the bacteria had translocate into 390 the lamina propria. However, no bacteria were observed in the lamina propria. 391
Interestingly, the present results clearly showed lack of adherence of Leu. mesenteroides 392 originally isolated from the GI tract of Persian sturgeon to beluga intestine. These results 393 are in accordance with the results of Askarian et al. (2011) . In contrast to the results of 394
Leu. mesenteroides, we put forward the hypothesis that Staph. aureus originally isolated 395 from beluga and L. plantarum originally isolated from Iranian cheese were able to 396 colonise the DI of beluga as bands corresponding to these bacteria were detected by 397 DGGE analysis even after thorough rinsing of the intestine. However, we will not 398 recommend the use of L. plantarum originally isolated from Iranian cheese as a probiont 399 in beluga as the bacteria caused severe cell damage in the DI of beluga. Figure 1. Scanning electron microscopy micrograph of the distal intestine (DI) of beluga first exposed to Leu. mesenteroides (22.5 minutes ), rinsed 3 × with sterile saline and thereafter exposed to Staph. aureus (22.5minutes ). The micrograph shows normal looking enterocytes (E) with well organised microvilli (MV). LP -lamina propria (LP); lumen -L. Bar-5µm. TEM micrograph of the DI of beluga first exposed to Staph. aureus, rinsed 3 × with sterile saline and thereafter exposed to Leu. mesenteroides. The micrograph shows severe cell damage and all the epithelium is absent. LP -lamina propria; BV -blood vessels. Bar -5µm. CFU -colony forming units; * -prior to sampling the distal intestine (DI) was rinsed 3 times with 3 ml sterile saline; ** -the DI was first exposed to L. mesenteroides (22.5 min) rinsed (three times with 3 ml sterile saline) and thereafter exposed to Staph. aureus spp. aureus for 22.5 min; *** -the DI was first exposed to Staph. aureus spp.
Legends to Figures
aureus (22.5 min), rinsed (three times with 3 ml sterile saline) and thereafter exposed to L. mesenteroides for 22.5 min.
A C C E P T E D M A N U S C R I P T Table 2 . Light microscopy evaluation of morphological changes of DI of beluga exposed to various bacteria (see Table 1 ). The results are from 30 micrographs from three fish in treatment 1 to 5 and from 10 micrographs from one fish in treatment 6. Tissue changes were assessed as follows; 0= not observed, 1 = low frequency, 2 = moderate frequency and 3 = high frequency as described by Ringø et al. (2007 b) . Table 3 . Transmission electron microscopy evaluation of morphological changes of DI of beluga exposed to various bacteria (see Table 1 ). The results are from 30 micrographs from three fish in treatment 1 to 5 and 10 micrographs from one fish in treatment 6.
Tissue changes were assessed as follows; 0= not observed, 1 = low frequency, 2 = moderate frequency and 3 = high frequency as described by Ringø et al. (2007 b) . A C C E P T E D M A N U S C R I P T
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Salma et al. (Table 4 and 5) (Jeong, unpublished data, NCBI)
